encoded proteins of plastid function in all other eukaryotes (i.e., atpC, hemB, petC, petH, psbO, and psbU). Table  and . Of the 48 nuclearphotosynthetic genes is unknown. We generated a encoded sequences, 28 show evidence of at least a data set of 6,480 unique expressed sequence tags portion of an N-terminal extension, whereas the re-(ESTs) from the toxic dinoflagellate Alexandrium tamaining sequences represent incomplete cDNAs that marense (for details, see the Experimental Procedures lack the 5Ј terminal region. We also examined the codon in the Supplemental Data) to find the missing plastid usage of the 48 plastid proteins (see Table S2 is rare in minicircle genes (only in Ceratium horridium Among photosynthetic eukaryotes, 15 of these are limpsaB), whereas it is the most common stop codon ited to the plastid genome in all other investigated algae (42/48) in the plastid genes we have identified. These results, combined with the fact that the cloned cDNAs from A. tamarense are derived from poly-adenylated
will be found in pedidinin dinoflagellates. However, Given the apparently strong selection favoring transminicircle genes, we can now account for the vast majorfer, why do some genes remain in the plastid of dinoflaity of the expected photosynthetic apparatus in A. tagellates? There are again several hypotheses to explain marense. Importantly, we have not found any of the organelle gene retention. For example, some gene prodknown minicircle-encoded genes in our cDNA dataset ucts may be toxic to the cell in the cytoplasm or too (with the exception of rare recombinant clones), sughydrophobic to be properly transported through the cygesting that they are not polyadenylated and are likely tosol or imported through the plastid membranes (for reto be a functional nonoverlapping set with respect to the view, see [15]). Another compelling argument suggests nuclear-encoded photosynthetic proteins. We therefore that the core proteins of the photosystem are under think it unlikely that many more different minicircle genes tight regulation to maintain the redox potential in the organelle to maintain efficiency and prevent the creation of toxic oxygen free radicals [14] . If these proteins were encoded in the nucleus, the cell might not be able to respond quickly to changes in the redox potential of the thylakoid membrane. This type of regulation would be especially difficult in organisms with multiple plastids, one of which may require more of a particular protein than other plastids. The plastid of the peridinin-containing dinoflagellates contains 15 minicircle genes that include the two core subunits each of photosystem I and II (psaA, psaB, psbA, psbB), the core of the cyt b 6 f complex (petB, petD), and the core of ATP-synthase 68%, and PP ϭ 1.0), and psbO (Figures 2A-2C ) strongly support the red-algal origin of these proteins, positioning the dinoflagellate sequence(s) within the red plastid lineage with strong bootstrap support and a significant Bayesian posterior probability. Analysis of oxygen-evolving enhancer 1 (psbO) also shows strong support for the monophyly of the peridinin dinoflagellates (minimum evolution [ME] ϭ 100%, MP ϭ 100%, and PP ϭ 1.0) within the red plastid lineage (NJ ϭ 97%, MP ϭ 95%, and PP ϭ 1.0) and the previously described haptophyte origin of psbO in the fucoxanthin-containing dinoflagellate Karenia brevis [23] . We also found that some plastid proteins from A. tamarense show a greenalgal affinity in phylogenetic analyses (Figures 2D and  2E ). Delta-aminolevulinic acid dehydratase (AlaDH), encoded by hemB, shows a well-supported relationship to the green-plastid lineage (NJ ϭ 63%, MP ϭ 85%, and PP ϭ 1.0) and a weaker relationship to the green algae (MP ϭ 76% and PP ϭ 1.0). We used the approximately unbiased (AU) test to determine the strength of this result. We generated trees that placed the dinoflagellate clade (A. tamarense and G. polyedra) at every other branch in the tree, with the exception of that leading to the outgroup bacterial taxa. Placing the dinoflagellates at the base of the green lineage (P ϭ 0.201), at the base of the land plants (P ϭ 0.160), and at the base of the red and green lineages (P ϭ 0.055) was not significantly 
